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Abstract 
The adsorption behavior of toxic gas molecules (NO, CO, NO2, and NH3) on graphene-like BC3 
are investigated using first-principle density functional theory (DFT). The most stable adsorption 
configurations, adsorption energies, binding distances, charge transfers, electronic band 
structures, and the conductance modulations are calculated to deeply understand the impacts of 
the molecules above on the electronic and transport properties of the BC3 monolayer. The 
graphene-like BC3 monolayer is a semiconductor with a band gap of 0.733 eV. The semi-metal 
graphene has a low sensitivity to the abovementioned molecules. However, it is discovered that 
all the above gas molecules are chemically adsorbed on the BC3 sheet with the adsorption 
energies less than −1 eV. The NO2 gas molecule is totally dissociated into NO and O species 
through the adsorption process, while the other gas molecules retain their molecular forms. The 
amounts of charge transfer upon adsorption of CO and NH3 gas molecules on BC3 are found to 
be small. Hence, the band gap changes in BC3 as a result of interactions with CO and NH3 are 
only 4.63% and 16.7%, indicating that the BC3-based sensor has a low and moderate sensitivity 
to CO and NH3, respectively. Contrariwise, upon adsorption of NO or NO2 on BC3, a significant 
charge is transferred from the molecules to the BC3 sheet, causing a semiconductor-metal 
transition. It is found that the BC3-based sensor has high potential for NO detection due to the 
significant conductance changes, moderate adsorption energy, and short recovery time. More 
excitingly, the BC3 is a likely catalyst for dissociation of the NO2 gas molecule. Our findings 
divulge promising potential of the graphene-like BC3 as a highly sensitive molecular sensor for 
NO and NH3 detection and a catalyst for NO2 dissociation.      
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1. Introduction 
The need for miniaturized sensors with high sensitivity, fast response, high selectivity, high 
reliability, quick recovery, and low cost has motivated the scientists to seek new gas sensing 
systems based on novel nanomaterials. Graphene, the first discovered two-dimensional (2D) 
atomic crystal [1, 2], has enticed great interest thanks to its extraordinary properties, for instance, 
high surface-volume ratio, high carrier mobility, high chemical stability, low electronic 
temperature noise, high thermal stability, and fast response time. Ergo, it offers promise in the 
development of ultrasensitive gas sensors with high selectivity, fast recovery, high packing 
density, and low power consumption [3, 4]. The applicability of graphene in the field of gas 
sensing has been widely investigated both experimentally [5-7] and theoretically [8-12]. Pristine 
graphene shows low sensitivity toward common gas molecules such as CO, CO2, CH4, N2, NO2, 
NH3, H2, and H2O [8, 9, 11] which limits its potential for detection of individual gas molecules 
[12]. It has been reported that functionalization, introducing dopants, and defects can tune the 
electronic and magnetic properties of the various nanomaterials [13-19]. It has been reported that 
the sensitivity of graphene-based gas sensors can be significantly improved by introducing the 
dopants or defects [9, 11, 18, 20-24]. Zhang et al. discovered strong interactions between B-
doped, N-doped, and defective graphene with small gas molecules such as NO2, CO, NO, and 
NH3 [9]. B-, N-, and Si-doped graphene indicated enhanced interactions with common gases 
such as N2, NO, NO2, NH3, SO2, CO, CO2, O2, H2, and H2O compared to pristine graphene [11]. 
In another study, graphene doped with transition metals (Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, and Pt) 
exhibited high sensitivity toward O2 adsorption [21]. Borisova et al. discovered that the 
interactions of H2S with C atoms of defected graphene are much stronger than those of pristine 
graphene [25]. Density functional theory (DFT) calculations on Eu decorated single- and double-
sided graphene sheets showed that each Eu could firmly bind to six hydrogen molecules [22].  
Inspired by the astonishing gas sensing performance of graphene, the sensing capability of 
other 2D structures such as MoS2 [26, 27], WS2 [28, 29], phosphorene [30, 31], boron nitride 
[32, 33], silicene [34, 35], and germanene [36] toward various gases have been investigated. 
Recently, the graphene-like BC3 sheet has been epitaxially grown on the NbB2 (0001) surface 
[37]. The 2D honeycomb structures of BC3 and graphene are analogous because of the similar 
atomic radius of B (87 pm) and C (67 pm). The B atoms are orderly distributed in the sheet and 
each B atom binds to three C atoms so that six C atoms from a hexagon surrounded by six B 
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atoms [38, 39]. Unlike the zero-gap semi-metal graphene, BC3 is a semiconductor with a band 
gap of 0.46-0.73 eV [38-43]. It was shown that the pristine [44], Li-doped [45], polylithiated 
molecule-doped [46], and transition metal-doped [47-49] BC3 have high potential for H2 storage. 
The capability of BC3 as a gas sensor has been evaluated in the literature [50-53]. Beheshtian et. 
al. investigated the electronic sensitivity of pristine, Al-, and Si-doped BC3 sheets to 
formaldehyde (H2CO) molecule using DFT [50]. They found that although H2CO is weakly 
adsorbed on the sheet, both Al and Si doping enhance the reactivity of the BC3 sheet toward 
H2CO. Peyghan et. al. introduced BC3 nanotubes as a potential gas sensor for CO detection [51].  
In this work, first-principles methods based on DFT are employed to study the electronic and 
transport properties of the graphene-like BC3 sheet after interaction with toxic gas molecules 
such as NO, NO2, NH3, and CO. The sensitivity of the BC3-based sensors are evaluated from the 
variations in their electronic transport properties. Our results reveal the promising future of 
graphene-like BC3 in the development of ultrahigh sensitive gas sensors. 
2. Computation details 
The results presented in this study are obtained using first-principle DFT calculations 
implemented in Atomistix ToolKit (ATK) package [54-56]. The Generalized Gradient 
Approximation of Perdew-Burke-Ernzerhof (GGA-PBE) exchange-correlation functional with a 
double-ζ polarized basis is adopted. The Grimme van der Waals (vdW) correction (PBE-D2) 
[57] is also engaged to describe long-range vdW interactions [58]. Furthermore, counterpoise 
correction (cp) is considered in the adsorption energy calculations to expunge the basis set 
superposition errors (BSSE) that arise due to the incompleteness of the linear combination of 
atomic orbitals (LCAO) basis set [59]. The energy mesh cut-off and the electronic temperature 
are set to be 150 Rydberg and 300
°
K, respectively. The supercell geometry with periodic 
boundary condition is accepted, and a large vacuum of 20 Å is considered in x direction (in 
which the structure is not periodic) to avoid the image-image interactions. All the structures are 
allowed to fully relax using the conjugate gradient method until the force on each atom is less 
than 0.01 eV/Å. The first Brillouin zones are sampled using 1×11×11 and 1×21×21 k-points for 
optimization and calculations, respectively.  
The adsorption energy of gas molecules on the BC3 sheet is calculated by: 
3 3ad BC Molecule BC Molecule
E  E –  E –  E         (1) 
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where 
3BC Molecule
E , 
3BC
E , and MoleculeE are the total energies of the BC3-Molecule complex, 
pristine BC3 sheet, and the isolated gas molecule, respectively. The charge transfer upon 
adsorption of gas molecules on the BC3 sheet is studied using Mulliken population analysis from 
the differences in the charge concentrations before and after adsorption.  
To study the transport properties, the gas sensing system is divided into three regions: the 
central region (scattering region), left, and right electrodes, as shown in Fig. 1. The conductance 
of the system can be described using transmission coefficient at the Fermi level:  
0C( ) G T( )           (2) 
where G0=2e
2
/h is the quantum conductance, in which e is the electron charge and h is Planck’s 
constant. Furthermore, transmission coefficients obtained from the retarded Green's function 
G are:  
L † RT( ) G( ) ( )G ( ) ( )                (3) 
Here, (L)R is the broadening function of the left (right) electrode which is: 
L(R) L(R) L(R) †1( ( ) )
i
            (4) 
In addition,  L(R) is the electrode self-energy of the left (right) electrode.  
 
Fig. 1. (a) Schematic structural model of BC3 gas sensor with two electrodes (black boxes). The 
grey and pink balls represent C and B atoms, respectively. (b) The band structure of a pristine 
BC3 sheet. BC3 is a semiconductor with a band gap of 0.733 eV. 
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3. Results and discussion 
3.1 Adsorption configurations 
We first test the accuracy of our computational method by calculating the band structure of a 
pristine BC3 sheet, as shown in Fig. 1(b), and comparing our result with those reported 
previously. Our calculations show that BC3 is a semiconductor with a band gap of 0.733 eV. The 
conduction band minimum (CBM) moved to the -point due to the zone folding. Moreover, the 
B-C and C-C bond lengths are 1.57 and 1.43 Å, respectively. These results are in good 
agreement with literature data [38-43, 60].   
In a BC3 sheet, each six C atoms form a hexagon, and each B atom is attached to three 
separate C hexagons. Because the gas molecules tend to be adsorbed in various configurations, a 
number of input geometries should be taken into account. To this end, a single gas molecule of 
NO, NO2, CO, and NH3 is placed in a distance of 2 Å above C atom, B atom, C-C bond, B-C 
bond, center of C hexagons, and center of B-C hexagons. At these specific positions, several 
molecular orientations could be considered. On the hand, for diatomic molecules (NO and CO), 
the molecular axis could be aligned in parallel or perpendicular with respect to the surface of the 
BC3 sheet. Moreover, the O atom of them can point up or down. On the other hand, two initial 
orientations for the triatomic (NO2) and tetratomic (NH3) molecules are considered. In the first 
orientation, the N atom of the molecules points toward the BC3, while in the second one, the O 
atoms of NO2 and the H atoms of NH3 point down to the BC3 sheet. After that, all the structures 
are allowed to fully relax. The interactions of the molecules with BC3 sheet can be described 
regarding their adsorption energies. Based on Equation 1, the more negative the value of Ead is, 
the stronger adsorption of gas molecules on BC3 would be. The most energetically favorable 
adsorption configurations are selected for further studies. Figure 2 presents the lowest energy 
configurations among all considered arrangements. The adsorption energies of aforementioned 
gas molecules on BC3 sheet calculated at PBE-D2 level of DFT, the binding distances, and the 
net charge transfers using Mulliken population analysis are listed in Table 1.  
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Fig. 2. The most stable adsorption configurations (top and side view) for NO, CO, NO2, and NH3 
on the pristine BC3 sheet. The grey, pink, blue, red, and white balls represent C, B, N, O, and 
atoms, respectively. The bond lengths (in Å) and the binding distances between the molecules 
and the BC3 sheet are also given. 
 
3.2 NO Adsorption on BC3 Sheet 
Upon exposure NO to BC3 sheet, NO adopts a tilted orientation with respect to the plane of 
BC3, as shown in Fig. 2. The N atom of NO is pointing to B atom of BC3. The O-N-B angle is 
129.51˚. The interaction between the electron-deficient B atom and the electron-donating N atom 
of the NO leads to a moderate adsorption energy of −1.11 eV and the formation of a tight N-B 
bond (1.66 Å), suggesting that NO is chemically adsorbed on the BC3 sheet. It should be noted 
that the B-N distance (1.66 Å) in NO-BC3 complex is almost identical to the bond length of B-N 
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in ammonia borane (BH3NH3) (1.6576 Å) [61], proving the formation of a covalent bond 
between BC3 and NO. The BSSE causes an artificial attraction between the molecule and its 
adsorbents which leads to a strong binding. To exclude the BSSE, the Bernardi counterpoise 
correction is considered [59]. The adsorption energies with counterpoise correction for the 
different systems are tabulated in Table 1. The absolute value for NO adsorption on BC3 is 
decreased from 1.11 to 0.91 eV, respectively. The obtained adsorption energy for NO on BC3 is 
significantly higher compared to those reported for its adsorption on pristine graphene (−0.30 
eV) and N-doped graphene (−0.40 eV) [9]. It is also comparable to the reported adsorption 
energy of NO on B-doped graphene (−1.07 eV) [9]. 
 The BC3 structure undergoes a structural change upon NO adsorption. The bond angles 
between N-B-C are 92.42˚, 95.20˚, and 108.42˚. The C-B bond length is elongated from 1.57 Å 
to 1.59-1.61 Å around the interaction area. Moreover, the B site is transformed from sp
2
 
hybridization to sp
3
 hybridization with an average buckling distance of ~0.242 Å. Similar 
observations have been reported for B-doped graphene [9] and B-doped carbon nanotubes [62]. 
Furthermore, the N-O bond length is increased from 1.173 Å in an isolated NO molecule to 
1.179 Å in the NO-BC3 complex. The small difference between the bond length values of NO 
molecule before and after adsorption on BC3 shows that there is no dissociative adsorption of 
NO on BC3. When NO is adsorbed on BC3 sheet, an apparent charge of 0.65 e is transferred from 
NO to the BC3 sheet. The N and O atom experience a decrease of 0.52 and 0.13 e in their charge 
states, respectively.  
3.3 CO Adsorption on BC3 Sheet 
Next, the adsorption mechanism of the CO gas molecule on BC3 sheet is studied. The most 
stable adsorption configuration of CO-BC3 complex is shown in Fig. 2. The CO molecule is 
placed perpendicular to the BC3 plane with the C atom at B atom and the other way around. The 
values of adsorption energy without and with counterpoise correction are −1.34 and −1.12 eV, 
respectively. The minimum atom-atom distance between the CO and BC3 (C-B bond length) is 
1.54 Å which is so close to the C-B dimer bond length (1.56 Å). These results reveal that the CO 
is chemically adsorbed on the BC3 sheet. The calculated Ead of CO on BC3 is significantly higher 
than values reported for CO adsorption on pristine graphene (−0.12 eV), N-doped graphene 
(−0.40 eV), and B-doped graphene (−0.14 eV) [9]. The structure of BC3 is slightly altered in the 
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interaction area. The B atom protrudes outwards after CO adsorption with an average buckling 
distance of ~0.280 Å. The bond angles between C-B-C are 99.26˚, 99.59˚, and 101.05˚. The C-B 
bonds in BC3 slightly extended to ~1.62 Å after CO adsorption in comparison with 1.57 Å in the 
pristine BC3 sheet. The bond lengths of CO before and after interaction with CO are 1.14 and 
1.15 Å, respectively, indicating that the CO molecule is not dissociated through the adsorption 
process. Moreover, the interaction between CO and BC3 results in a charge transfer of 0.09 e 
from BC3 sheet to CO. The C and O atoms of the CO molecule loses and attains electronic 
charges of 0.05 and 0.14 e, respectively.  
3.4 NO2 Adsorption on BC3 Sheet 
The NO2 adsorption mechanism on BC3 is more complicated than the other molecules studied 
above. The BC3 sheet and NO2 molecule undergo significant structural changes upon adsorption 
on BC3. The N-O bond lengths in an isolated NO2 (1.21 Å) get extended to 1.79 and 3.11 Å, 
indicating that the molecule is fully dissociated during the adsorption process into the 
chemisorbed NO and O species. The N-O-N bond angle of an isolated NO2 decreases from 
133.06˚ to 95.04˚ after complexation with BC3. The O atom of the molecule forms two covalent 
bonds with C and B atoms of the BC3 sheet, where the O-C and O-B bond lengths are 1.38 and 
1.40 Å, respectively. The C-O-B bond angle is 100.68˚. On the other hand, the NO part of the 
NO2 molecule binds to another B atom of the same B-C hexagon with a N-B covalent bond. The 
chemisorption of the dissociated NO on BC3 is quite similar to that of the NO molecule on the 
BC3 sheet. The O-N-B angle is 130.15˚, and the N-B bond length is 1.65 Å. The adsorption 
energy of NO2 on BC3 sheet without and with counterpoise correction are −1.69 and −1.41 eV, 
respectively. The high adsorption energy and short binding distance confirm the 
chemisorption/dissociation of NO2 after interaction with a BC3 sheet. The value of adsorption 
energy for NO2-BC3 is greater than those calculated for NO and CO molecules. More 
interestingly, the calculated Ead of NO2 on BC3 is greater than those reported for NO2 adsorption 
on pristine graphene (−0.48 eV), N-doped graphene (−0.98 eV), and B-doped graphene (−1.37 
eV) [9]. Moreover, a significant charge of 0.77 e is transferred from NO2 molecule to BC3 sheet 
after complexation. This large charge transfer correlates to the strong adsorption energies of the 
NO2 on BC3. The first dissociated part of the NO2
 
(O atom) loses electronic charge of 0.14 e. The 
second dissociated part of the NO2
 
(NO) loses 0.63 e, which is comparable to the obtained charge 
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transfer for NO-BC3 complex (0.65 e). The charge states on N and O are reduced by 0.54 and 
0.09 e, correspondingly.  
3.5 NH3 Adsorption on BC3 Sheet 
Afterward, the interactions between the NH3 molecule and BC3 sheet are investigated. It is 
found that NH3 is bound to the B atom with the N atom pointing at the sheet, as shown in Fig. 2. 
The N-B binding distance is 1.67 Å which is close to the B-N bond length in BH3NH3 (1.6575 
Å) [61], indicating the formation of covalent bond between NH3 and BC3 sheet. The bond angles 
between N-B-C are 100.88˚, 101.66˚, and 101.74˚ The NH3 is chemisorbed on the BC3 sheet 
with an adsorption energy of −1.45 (−1.26) eV without (with) counterpoise correction. The 
calculated Ead for NH3-BC3 complex is significantly greater than those obtained for NH3 
adsorption on graphene (−0.11 eV), N-doped graphene (−0.12 eV), and B-doped graphene 
(−0.50 eV) [9]. It should be noted that this relatively high adsorption energy for the NH3-BC3 
complex is accompanied by a small charge transfer of 0.10 e from the molecule to BC3 sheet 
which hinders its capability toward NH3 detection. The N atom of NH3 donates 0.1 e to the BC3 
sheet through the adsorption process, while the charges on H atoms keep constant. The 
adsorption of NH3 on BC3 sheet brings about some structural changes in both the molecule and 
the BC3 sheet. The B atom which is bound to N atom experiences a transformation from sp
2
 to 
sp
3
 hybridization where it stands out at an average distance of 0.317 Å above the planar sheet of 
BC3. The B-C bonds around the interaction areas get extended to 1.60 Å. The bond lengths of N-
H in an isolated NH3 (1.03 Å) is found to be the same after adsorption on the BC3 sheet. 
However, the H-N-H bond angles are increased from 104.58˚ in an isolated NH3 to 108.16˚ in 
the NH3-BC3 complex. 
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Table 1. The calculated adsorption energy (Ead) with and without counterpoise correction, 
binding distance which is the shortest atom to atom distance between molecule and the BC3 sheet 
(D), and the charge transfer (Q), energy band gap (Eg), energy band gap changes (Eg), and 
recovery time (). The negative values of charge indicate a charge transfer from molecule to the 
BC3 sheet. 
System 
Ead  
(eV) 
Ead C.P 
(eV) 
D  
(Å) 
Q  
(e) 
Eg  
(eV) 
Eg  
(%) 
 
(sec) 
Pure BC3 - - - - 0.733 - - 
BC3-NO − 1.11 − 0.91 1.66 −0.65 0.000 100 0.02 
BC3-CO − 1.34 − 1.12 1.54 +0.09 0.767 4.63 11.75 
BC3-NO2 − 1.69 − 1.41 1.38 −0.77 0.000 100 174662 
BC3-NH3 − 1.45 − 1.26 1.67 −0.10 0.610 16.7 240.6 
 
3.5 Electronic and transport properties of toxic gas molecules-BC3 complexes 
To gain more insight into the adsorption of gas molecules on a BC3 sheet, their electronic total 
charge densities are calculated. As can be seen in Fig. 3, an orbital overlap can be observed 
between NO, CO, NO2, and NH3 gas molecules and the BC3 sheet, revealing the occurrence of a 
strong chemisorption/dissociation. These results are in accordance with obtained adsorption 
energies and binding distances.  
 
Fig. 3. The electronic total charge densities for the adsorption of NO, CO, NO2, and NH3 gas 
molecules on pristine BC3. 
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The orbital mixing and the charge transfer are expected to bring significant changes to the 
electronic structure of the BC3 sheet which is beneficial for sensing applications. The band gap 
can determine the electrical conductivity ( of materials as follow [63]:  
g Bexp( E / 2k T)            (5) 
Here, T is the temperature and kB is the Boltzmann constant. Apparently, a small change in the 
energy band gap dramatically alters the electrical conductivity. Figure 4 presents the band 
structures of BC3 after complexation with NO, CO, NO2, and NH3. The energy band gap of BC3 
(0.733 eV) increases to 0.767 eV upon interaction with CO and decreases to 0.610 eV after 
interaction with NH3. The band gap changes ( gE ) for the CO-BC3 complex is 4.63% and for 
the NH3-BC3 complex is 16.7%. These small variations in the band gap of BC3 after interaction 
with CO and NH3 agree well with the small charge transfer of CO-BC3 (+0.09 e) and NH3-BC3 
(−0.10 e) systems. As a result, the electrical conductivity slightly decreases and slightly increases 
upon interaction with CO and NH3 gas molecules, respectively. Although the values of 
adsorption energy of CO (−1.12 eV) and NH3 (−1.26 eV) on BC3 are relatively high, the values 
of gE imply that BC3-based gas sensor has a low sensitivity to CO and a moderate sensitivity to 
the NH3 molecule.  
In contrast, the influence of NO and NO2 adsorption on the electronic structure of BC3 is 
much more pronounced. As can be seen in Fig. 4, there are almost flat bands on the Fermi levels 
of NO- and NO2-BC3 systems, indicating that the systems are metallic. One possible reason for 
this phenomena could be the occurrence of large transfer after adsorption of NO (−0.65 e) and 
NO2 (−0.77 e) molecules on BC3. It should be noted that the alterations in the electronic structure 
of BC3 upon interaction with NO2 are more noticeable compared to interaction with NO. These 
results can be confirmed by the obtained adsorption energies. A significant increase (100%) in 
the electrical conductivity of BC3-based sensor upon adsorption of NO (NO2) is expected, 
confirming its high sensitivity toward NO (NO2) adsorption (dissociation).  
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Fig. 4. Band structures of BC3 sheet after interaction with NO, CO, NO2, and NH3 gas molecules 
An important factor for the evaluation of the performance of a gas sensor is the recovery time 
of the gas sensing material. Novoselov et al. have shown that the graphene sensor could be 
recovered to its initial geometry by annealing at 150˚C in a vacuum or ultraviolet (UV) 
irradiation within 100-200 s [64]. The recovery time   can be expressed using the conventional 
transition state theory as follows: 
0
1
ad Bexp( E / k T)
             (6) 
Here, 0  is the attempt frequency. Based on this equation, a much longer recovery time is 
expected, if the adsorption energy is considerably increased (more negative). Based on our 
findings, the NO on BC3 has the shortest recovery time followed by CO, NH3, and NO2. As an 
example, the recovery time of BC3-based gas sensor after NO, CO, NH3, and NO2 adsorption 
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could be ~ 0.02, 11.75, 174662, and 240.6 s by annealing at 150˚C in UV irradiation (
0 800
THz), see Table 1.  
To further investigate the effects of gas molecules on the conductance of BC3 sheet, the 
quantum conductances of the BC3-based sensor (see Fig. 1(a)) before and after adsorption of gas 
molecules are calculated, as shown in Fig. 5. One can see that the values of conductance of CO-
BC3 and NH3-BC3 complexes slightly decrease and increase at low energies compared to that of 
pristine BC3, respectively. However, the alteration of the conductance is more vivid for the later 
complex which concurs well with our previous results. More excitingly, large peaks appear at 
Fermi levels of NO-BC3 and NO2-BC3 complexes which confirm the metallic behavior of these 
systems. The variations in the conductance of the BC3 after NO2 adsorption are more noticeable 
in comparison with that after NO adsorption. All these findings show that the BC3-based sensor 
has great potential for NO detection due to the significant conductance changes, moderate 
adsorption energy, and short recovery time. Although, the sensitivity of BC3 to CO gas molecule 
is low, this sensor could detect NH3 molecule. More interestingly, the BC3 might be a promising 
catalyst for dissociation of NO2 gas molecule.  
 
Fig. 5. Quantum conductance of BC3-based sensor before and after NO, CO, NO2, and NH3 gas 
molecules adsorption. 
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4. Conclusions 
We employed DFT to scrutinize the interaction of BC3 with toxic gas molecules. While NO, CO, 
NO2, and NH3 gas molecules are weakly physisorbed on the surface of graphene, our results 
indicated that the presence of active B atoms on BC3 can strengthen the adsorption of these 
molecules. Although CO, NO, and NH3 tend to be adsorbed in the molecular form, NO2 
molecule is fully dissociated into chemisorbed NO and O species during adsorption process. The 
calculated band structures reveal that the band gap of BC3 (0.733 eV) is increased 4.63% after 
CO adsorption and decreased 16.7% after NH3 adsorption. These variations in the electronic 
properties of BC3 correspond to small charge transfers from CO (−0.1 e) and NH3 (+0.09 e) to 
the adsorbent. These findings suggest that the BC3-based sensor has low and moderate 
sensitivities to CO and NH3. Significant charge transfers happen upon adsorption of NO (−0.65 
e) and NO2 (−0.77 e) on BC3 sheet, resulting in a semiconductor-metal transition in BC3. These 
alternations in the band gap of BC3 cause a significant increase in its conductance. We 
demonstrated that the BC3-based sensor has a great potential for NO detection due to the 
significant conductance changes, moderate adsorption energy (−1.11 eV), and short recovery 
time (0.02 s). Interestingly, BC3 might be a promising catalyst for dissociation of NO2 gas 
molecule. On the basis of our theoretical findings, graphene-like BC3 can be considered as a 
highly sensitive molecular sensor for NO and NH3 and a potential catalyst for NO2 dissociation.      
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